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Abstract

Problem definition and objectives: The writing produced by the Mazandaran Wood and Paper
Company is typically used for book printing. While foreign writing papers benefit from high
strength due to the use of chemical pulp, domestic writing papers face challenges in terms of
strength and dimensional stability due to the use of substandard raw materials. This research aims
to leverage nanotechnology and mineral coatings, such as fluorine, which are abundantly available
in certain regions of the country. The primary objective of this study is to address the physical and
mechanical issues of domestic writing papers, enabling the products from this factory to be offered
to printing houses and reputable printing companies within the country with enhanced quality.

Methodology: For this purpose, 70-gram writing paper was prepared and tested. To coat the
paper surface, graphene, zein, and fluorine, along with styrene-butadiene latex, were separately
weighed in specified weight percentages. Depending on the treatment conditions, these materials
were mixed in a blender at 1500 RPM for 20 minutes to obtain a homogeneous mixture. Before
conducting the tests, both control and coated samples were placed in standard environmental
conditions (20 degrees Celsius and 65% relative humidity). To determine the physical and
mechanical properties of the papers, a minimum of 10 repetitions for each sample were conducted
according to standard methods.

Results: The physical property of density shows that the highest values are associated with
papers coated with zein. The lowest absorption rates are found in papers coated with zein and
nanographene, while the lowest porosity is observed in papers coated with zein, fluorine, and
nanographene. These results indicate the formation of a dense network and a significant blockage
of water passage by these coating materials. In terms of surface smoothness, the highest values are
attributed to zein and nanographene papers, which is due to the two-dimensional structure and high
specific surface area of nanographene. Finally, the greatest resistance to tensile stress, bursting,
and tearing is found in papers coated with fluorine-graphene and zein-graphene, respectively. In
fact, nanographene, as a reinforcing material with a regular and resilient structure, can enhance the
mechanical properties of the paper. These findings highlight the superior performance of papers
coated with zein and nanographene.

Conclusion: The results indicated that coating led to an increase in thickness and surface
smoothness, a decrease in water absorption, porosity, and tensile strength, as well as a relative
increase in tear resistance. The most significant finding was a 643% reduction in water absorption.
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In addition to the decreased water absorption, coating the printing paper with nanographene and
fluorine resulted in a 26% increase in thickness and tear resistance index compared to the control
samples. Moreover, no significant change was observed in burst resistance; however, the tensile
resistance index experienced a slight decrease.

Keywords: Coating, Graphene, Protein zein, Physical Properties, Mechanical Properties



OF4

¥ o)l.o.i'a APGRICS ‘Q‘)._’J ;\5155 S @L...a u.o.‘?u‘ aolidas

(533188 9 ($2338 LS 329 3 (AIOhD 3 SLAGISSY ) Gl ghe da (333 § a9l (31 S il sl

2l g gl ddls

" sl sans Mlga pad saal M GilawulS g3 pual il jbaa

kasmani@iau.ac.ir :asbbl, ¢ )yl 058 3lguw ¢ oMol 5151 oSl 058 Slgus dnly AEIS g5 oo 09,5 ¢ Jofume odiuangi =

Olﬁl “')l).qg «yloe (o o Kisly i pole 05)5 -y
Oyl es sl oDl bl)'" ol gyl doly d2lS g g 09,5 Y

V¥ (bl ek &b V¥ e 8l)d G

Lol e sl Jgome soboas oliisle I 5 g &8 50 oadsi 208 sladels 18laal g Al oyl
YU Coglin | olowd jued loslaiul Lhaas )8 1000 slielS S Jb g3 6,5 o )8 edlitul 550
&l Gl 5 plSocil diej 3 (Mo b cuslial gl slge (65 )5 by (31 005 (SadelS c)ls )55
Bblie (B 52 48 Canl ()9 (Sdne sl 5 51U slas)sld Jl spSo e JUd 4 BoS () i delge
i (315 35 GBI Sy (S5 e IS gy (ol hol i 350 Bl by & y9S
asye ypiS 1 ol pine S8 )b 5 aibyly 4 oYL cuaS L A pl sl Il &S g gk
23,5

s 3935 slyr 855 1,8 geil 390 5 ats ()5 Ve 258 5 Sl LS epslate (il gl el 9 390
Bl jebany pasie (Sig sbiaoy b ol (63Bgm g pliel (uSSY ol yon 4 (398 5 (355 S5 P bl els
Yo Ododyaady ;0 590 V0r 53,5 190 b S bolses olSiwd J5 b j3 dlge (pl ylaws byl by ity 05 (505
Ll 5> sddodls g 9 anld (cladiges dayge;l pbul jl S ] cundt (Fod bgle 6 b sud oS 5 4ty
5 S Sl SRy e sl B )8 (PO (od sy 5 (g 223 Ve slod) il (Jane
A odlatwl 3)lkil sl Joallygiwd (bl p diged o (glp LSSV il ldaiels SOl

CpgieS el (135 b oddd odld jidey (AL &y bgyye Hlade oy 3 YL cdianild (658 Canold 550 0 1z LS
o> iy SISl bgype J5ISS (55168 9 (BS99 (355 L 0 03 gy (S & bguye Ol e
o A28 ol (0 Sgdue g oSk 4l S 2bml oaimd LS gl cul sl (3LS S 5 sl ) L 0ss
35 poluatsl (S SL 5 (d) GladlS & e (s o (Bl 5k 1l gy dse (ol b o y0ee
9 RS F oS plp )3 Cueglio cpyidi uleg 3 Al e (IS BL VL ooy e g (gim 93 )13 le b @ oS
Slsie ar 8,551 3l 1> ol (8,555 5 GBSl b ol sy (SIS & bisnye i & 05 ok
ls ol SoS iels (Sl (olg 5 dg s dn 1le5 o polin 5 plais (g)ldlo b oaiiS'cy o8 o3lo
ol 581,556 g 455 b ol oaly jidgy (slels 5y 5 Slas sniad L

5 S35 ol iy LS s o 5 Culbied l3l ely (s g 45 o (s ol 106 S st
Dy ol Ll (gaod SYY ialsS @bl oy ybete 40,5 b o)b 4 Coglie omd Liol33l g (iS4 Casglio
sl anld digad oy Comad (sl g TP g b 206 5 Sl LB (ot ol il lalS 5y ogMe
odnlilio (1S 5 dn Cnglio 1 (wold ol pioren Wb (dbo)l 4y Cuoglie adll 5 Culbus (gduop V8 iol3él
8l yialS (g3gan U iS4 Coglie (aslis Ll i

ouusy



055 8 sl oIS T

AR

Sl (S5 ol o5 g (B)S (BOLby 15 (S 2jlg

SHLdelS o )3 loanlip joboas 395 8,34 pasie
S Ol eSan ol IA] 05 o )13 eoliul 50
B Cenglin g plSioinl Sggs 4« oreb S3958l o3be
Slge 5l oolawl palS @ e Wlgh o g 00,5 S5
Lol sen 5wy wuld o e albess
Sdg o ehsa KU Ceis o (K, gl il
b gy cnl i)l (oS G 25 5 Sla sladels
5 Wi dee | cdlin 5 ) ol coiS
ol e Jelge ply o 1, &85 Canglin (yuizmen
corge Sy slaiidg sl eslasl [Ve] aiss o
solr o oshisa by CekS 5 g Bl Ll
Olsedr Gl s xfy OISl s o K
5 BU (Sopd Slogas dee @ (g sy
SaS Zughy gy yo Cwglie 5 ymex i Sl
2 el ae S Glsea el ] as
BB cogh, @ Cuglie 5 SOl Al s
3 R o Sles (2P RL jsba 5 09d 0 ASLS
5 eolizwl VY] ams e sl 1) ol slas )8
9 S sl Cpols &els GRI g )d 4-*-’)915 UL-*S)J
D] aise o 09up drmme Jalge ol jo 1) T plo
ey & 09> Buios ,o (Yo oY) ) Ken g Parris
booads ools yidgy <3S oY (glate g A5 céll
Rlr S Saslie (geslie ply> lapl sl o5
a5 ausl e g WS gSoslal 1y eg, 5 ol Ll
oz i g ol Jou Jisl &5 wlgs oo o s,
emoglie plgm s als asye Ve g VY i a
3 S ao e YA B VY 55 L ooads colo il elS
¢ Tihminlioglu [ve] Sg Libgy e dwlh AdlS
Olron b slopld Sl pwyp 4 (Vo)) e
aS ols lis gl gl oS le 5 555 b oo ools g
OiSl g ol By Calas g wzge 85 iy
odlo gy sladiges ;o ST JESI e g o
09 Sladiges 5l jeS (428 BB b 4 35 L ot
o OFY) oes o ol Vo] s ioe
ol dg ailoy 08 (8 b (e idey Sl (o p
2 St 3B oaS e clale alEl e W ) 4

doddlo
2 Sy plee 4 plises B2 Gyl slis o
ot sl Ghbleng g bl OVgame b oad I
2 Sl L lwdelS o as yibg aul g Al
L M—l)s ol el Q—| o,fles 5 )5 woiS sl
LS e (65, oaidddsuy 9 Ladle slAY ol
Ol Zugby wiile age o5 Lelse il o 1, ]
wnlp IS ek w D sjlee spglie (S s
SYparme adgi OISl Bl ols Sgne b (B S
wald 1) Gl sl b canliie 5 YU kS L
Byl e B Cais Kl sl )| 4 5 wiS e
S g Pl 3 I as e SLls Sl
Blas j3 o8 Cl B Elgil (p Spgmre 5 5wl
SIBE g alzme asliyg) oS Olr abox 5l SUsS
3O Ogzg0 0 A ouas Iv] Sgdi oo oslaul
G LALE go5 cpl i oais dgail g9 5 olul L
s o sl el w0 LB il o
plo g Ad lidls asle goiaw liéls wue
> g sl mhe ol &l ol [f] anl
Sl 4 e o5ie el Sy al i e
O e 5 oly CuiS 5 858 S 2l i
Sheslaiwl b oohg 4 o S, sl jo .l il
Jdo o cnl S wadl 5 lidl g sbeolSiws
ol bl eSS, coudlas oS, oYU wis
aF Vb Dl o8 Ls @ p s g ol el
Ol @l 1) e uilss g Sl 235 sl (ormlie
wlgle oole SO lareay 31,556 0] wis o ol
Joba Wlg oo g Ded oo ALl (gludslS Caio (o
Sere ) 2 Sl s SEe el s LB
4 e 85wy o G8S el ol P wes
2 25z ol aisn o (o IVl sgbie T
S I =S S VA R PR CE O AP K

Pler Jdos wams o JSis 1) D)0 sletig



AR

Fooa ol lawgie Cwlis g canl 0o)s A0 o ogls
5Y ot OS5 S5 b i whanye il
g 5o Yo ol s Colus 5 Cool e 2agli VA
28l p5 2

b )l gl LS o808 5l (585 eis
oy 5 ) 0 el Cends Gl Sen
rizper les woys 00 ol s ety (s
FeSB iy aeys g wepe Ve ol pls yud g e
OIS e oeen nl o ogsl lie sl oy Y
Ll 00

Slazie b ol pane sadg 098 5l 006l
Sy 10 bl Bl B 5s GRS aie las
S eS Vgl anST (g0 (Slime pizeen e
IRVIEVS ISR VIR R UV PV EISUUN L PR WY B

Slaseie b SH-305) weol L ST by )
Jlasl 053 igs8 o5y et mle sl S0 L
ez olge doyd « Sigal i Sgamdgel Cools & Lo se
Ve epigepl,S =Y °C : Tg £-A : pH J0-

Oy 9 ey S50 Gl bl g b e
5 e oy sz ol el ot gy L
ol smdssl Caols gl @l Caxoy
0oy B0 o (ol 50 dals dlge o yd el gl
Jsl glos opizmad Zawl A B # o T pH 5 0L oo
Ve ee O gl 5 g a0 Y ] lats
JORB T

Slge oy g 0dgr 3,5 6,6 ] Sy A jlweasST,
SleooasSTy ol PH (puizmod .l duo )0 FY ] dals>
b ad () Dlowms S50 Gl db e VIB L

Slasin b Baul ol 5l Jolbs Se55 anwlis
57 Ll O PH oSS ol (semdsal Cools lis
9 20y0 ) 5l eS Gl )0 d92ge (nign Ao yd iz
O . LSS UAC B IS NP e
A ds il

TLOI (Loss on Ignition)
2Ti02

3 CaF2

4 Self - crosslink

¥ o)l.o.i'a APGRICS ‘Q‘)._’J ;\5155 S @L...a u.o.‘?u‘ aolidas

)-“-‘L’ Ol Ciz bl eyl ey 5 19m jome 4 Cuglie
sl Sl i

A6 3 sy & (V1) ] Ken 5 Ashfag
Sl olas bl s sl sedy slapkd ols>
Cxge ond o3ld b slapld 4 G3ISSU (3938l a5
JE e 05800 0551 5 ST o calos S5t
SEZFRB b a4 SIS0 ol slaaises 13 G5enS]
5 Chen VY] g 31,5956 oos sladiges 5 jxeS
W slaGog Bl anng (o) 4 (V270) llSen
g Pl Glojan Sgng a5 aiSloy (sl (e
ol ol @l o slee wald 1) Ol 5o sl
yob 4 Wiy e b gogidl cpl I eslatwl as ols
0o )| 1) 6l o Shoe 5 SilSe olss gz si b
IAVN

W (59) p bz slaanlp il 4 azg b
Al 5 Casslie (gls Wl RS wsd e el
Sheslatwl Jdo & > )5 5 o0 sladels il oewlio
5279 il Lol il oYU Cuoglin o oliond oz
Mo ccawlials adgl olge 5l oolawl Jdo 4 A5l
a0 Geis cpl DAl Wl olal ol g plsoual o
e slagils 5 $b slas,gks 5l eslial Jlss
Sl g 4 p9aS (el Gblie jo a5 Cal (g )sld
Slacsyslid b peted o1 Jlis @ 5o cnl 50 09 o
(e g g n lagidy ol eslital b gl e
5 ools 2ol 1) idls ol SilSe 5 o508 oISt
3 Falie CodS L Al B ol gy p o8 sladels
R S B Olr e ES5 50 5 b aille LS

S5

gy g olge

L oaslas ol o oolatwl 550 ) g olz 328
doye ooy pgio doye Ve e wspo Ve S S
Al s lhaiile Al g g Al IS 5l laieS balse
W ol cwlrs 5 @y jo o) Ve 8 ol 5LlS
D92 (95

S s S S5 5 AO-4 g5 o35l
6"4"" Lg‘)l.) )O% U‘" e 6)‘;).‘:‘)} lS.»).,oi ol g_)ybl

Lol S5y ol 5 05 2 @ VO 5l Sli lods



055 8 sl oIS T

bglse .cdly aslol o500 Jos g ol adlol oS 5
Do 4y gumblize ren SOl eolaiwl b g ool Koo
L oadoslel iy (sla Jolome b 00 oo aids Y+
Jlesl 325 sl 5,9 (59, 0uuSdguil olKiws ) oolau]
Gob Sy i Jsbne il slee YV o i
5 aloldly gLl b G g 0l a2 (g5,
VO 59y b Sepm il g)lr AU Slrio Job
by B slagyy oS it il p e s
Sz g o el Y e 4 U1 sles jo oaiionls
4o oolaiwl 0,50 SLLS 5wl slaas s ¢ aS wak
S S el oad aodE ) Jgoz o bajle g iy
a0 Y)Y gl 0 ladiges den clasive s
TV Blas Goe @ 000 FO cod Cagb, L ol 5 il

28,8 18 ISO 187 o ailiw! udo g ceeles

AIANS

» Syl S LS BlF sl Oy Sy
EY @) o @ olinl Jsl g Jobgnonl lagdl>

35 A Ol Rg e S IT )

wb Al (a0 gy
& old 5 oy (A Ll mo b g
S led lulpd 4 iy ol (nje alllae b
Do dy (oS 5 g Ii7me g0 (B ADg Slge ()
SlpS Ver LolS ol ax )0 00 glos jo amdo Y-
oSSY 28 VIO 0838 b e 203050 5 boglie laie
Ve Soe @ GleeasSTy 6,8 </ 5 polie ol
0905 450 b (Shgle olKiws J3Io 4o [s0me aido
Cawd 4 Red bglxe G U Wil oS 5 V0 - rpm
Olare 4 00 0 clale 4 SeslS atwlis dgl Ho ]
@ ol g Gidg SR ln 0nlaeSS ST S
ol 4 el mhe 5, p S FESlES wje

Lo byl g oS Y Jgur

Sy g s,
sals aphw ;oY CWL )
SISl boas a0 Lidg dubw ;Y WLG Y
O b odd (a3 Ay dnde 0¥ WLZ ¥
OB boad (oo il S Y WLE f
055 5 B Lol (oa (ibgy b Y WLZG )
sl 9 BLTSU L oad oms (idgy b Y WLFG 7
0553 Osd boad (e (g dwds 0V WLFZ Y
st s 0y 9 LS EL Lead (oms hdgy whe Y WLZFG A

G)Loi ubu.olzn

E9 3l «Baizg ol yo oolaiul 550 alej] ok
I ol s sy g 5 8, e ey 425
A oolaiwl (YY asewd) SPSS Jl58le 5 5l g ;o1
Sy oy 5 5 Wosls il 5 a5 jslaio
gl 5o oS (o3l 5l oSl anglio gz 5 48
A oolaiwl s po A0 sleel

ALl olgs (gm0l

Lodils (Sol5e 5 (Soied sloShs omets
sl Jasllgins ol 505 52 (sl 55 1+ s
Giels aesl 0y50 plem il colatwl o laslil
«(T411 om-89) o lsliwl b cwles Jolis jlucaws
Geb O i (T410 0m-02) 5 usliwl b areils
T460 ) o, Jailin] Gob [l (T441 0m-96) 5 uslwi
«(T479 cm-21) o ,Jaibiw! &l ol zhw Sle (om-02
T404 ) o,llewl Gl 2iS plp 0 Cwglie ozl
o ailinl G oS 5 0 Cwglie ali (om-92
G o o, pl o Ceaglie azlis (T403 om-02)
A (6 S o5lasl (T404 om-04) o ,laslew!



AN

olie oy a8 ols lis ad LSy il g 5 JIUT mls

5 e lo (3w ol Gds @b walks

ONS 5 9 o8 o)l (RS plp o Cueglie slaaSls

O Jlexl mhw ;o ge)l y9e B gg5 Suta o
Syl dg2g o Se B as o

¥ ooleds NP al> ‘Ql)._ﬂ x5 e c.tL...a u.o.‘?u‘ aolidas

550 el (Sl o sslel BB s s
ol gl s ool il ly 4525 (9031 51 e 2
2 G w5 el opl 5l edelciwsds Fojlade

Gl 00 4.3‘)‘ Y Je»

Lwglio g (S 3d (pled p el b o 1 (5,10 Sxo haw g F jlailo) (yuily Hlg 413225 - Jgum

(09,5%) Lualies

&S e s Sl F Sla e uSile Sl yo £ g0z solsT a0 FH
ofess \RYRY N4 MAEYY OYYA/ADA Al oy,
Yo/F\Y YYFISPY \ loog,S cyay0

7-00/8YD Yy Js

(coSo o Bl p,8) atauils

&S e s Sl F Sla e uSile Sl yo £ g0z solsT a0 FH
ofoss 2/05A oY AN v laog,S e
AR oY \ loog,S cyay0

N -a Yr Js

(20 7oy ))&l iz

&S e s Sl F Sl e uSile Sl yo £ g0z solsT a0 FH
ofess YYY-/VON FYANYY Y. -OIYAY Al oy, oy
-har Y- ar ' laos,S 595

Y. AYA- Yy Js

(ab) J=los

Sl s bl F Sl po (puSileo Sl e Egezme solilax o Fae o
ofe FEYFav-/AY-. YAVYATAY/ALY YYATAYAZ/AVY N og,S y
<A VETFY \$ loog,5 9y

YYATAY -V YYA Yy Js

(4885 o )A.:JL;M) CJa,., Sle

Sl o bl F Sl po (puXileo Sl e Egexe solilax o Fae o
e ar/avs VefopY VeIFEY v laog,S e
VY WY \$ loog,5 9y

VYN o8 Yr Js

(e 2 (g kS (o) S pl 5 uaglia paLs

Sl s bl F Sl po (puXileo Sl e Egeze solilax o ako
ofe AAVARNS YV4/YAY Yyve/aa. Al oy,
YY/AT) YAV/ESY \$ loog,S cyay0

\tAlAT ¢ Yy Js

(p 7 2 & ro JSbiskS) (a5 5 pln 53 Canglie (a2Lo

&S e s Sl F Sla e uSile Sl yo £ ez solsT a0 FH
e VIo¥s VFE Ve -a v laog,S e
AT Y es \ loog,S cyay0

VY E Yr Js

(P55 2 &y (e (o) oo o)l ply po Cuaglie (sl




SO SOOI K v ER

NN

Sl s bl F

Slarye 1Sk

Slaye ggoe @l azye Ee

Lo YUAT - \YEYYY

ASAUEYD v laos S (e

VYIPYD

\RA TR Ve laog,5 (35,0

\RAAV AN Yy Js

SIS (sxe pae mS LAD #i g > sae pdaw

GRIFl 4 e 6 gl 59, p b SLS S
o Y S TS ceee ey
Saie g jeuds £65 30 Cov Y ol Cwls aS 04d o
IVl o)ls 15 rog 0 Jolome dul> olge
CLXlS (55, p eadplxil Gldlae el 5
b oohagdy (iudigy a5 Cawl ool yastive codliosld jilig
WS oo obml i JBa b lsle (npels DS
cel b 5 cwlbs aials ob) (Sond (uizen
ouds b sldels culrs o axg LB slaglas 9,

a a
A
& - o
€.
\
WPG WPZ

Cwp

(H9550) Caolsuid

c
b
b
a I I

275 9Pl XU 4 by e calid (e op e

5 sl 05,5 VY IEY Ll o8 b oas asls i

Lo ools (g diged & Glate ol Gl nyneS
() JS8) Conl 9,500 AXISY Ly 0035

Gholns slacsls LAl culks wyn

Culbrs axg BB Ol 4 ol oo a5 0l csnlin

ole (Fboos o)lal o oo Jdgn 50wl L8

C

WPZG WPFG WPFZ WPZFG

Slod byl p

Glizo AL Cuoltnsd (1uKileo dum lio —) JSCi

Oy boads eols idg sladels jo anuils ol

ol Gl Caols 5 oSlie oY JSas s o

by LA o ancls el 4 > s el

SIS PL sl s 4 G81,550 5 (n gl L ond o0l
INV] el o J5dss o9y Jlois! g

ECSUWe] K

275 9 lr B @y by je andls (e oy
Fogle y w8 1Yl s boead eoly il
5 Pl 6 4 glate of Glime 278 g Cenl CaSe
VYl G360 5 ysld boad eols aligy o
Y JS8) el S ol 2 o5



ATAIA

(S0 it (Gl 2 0,5) dipunsils

Cc
/80 b
v/h ]
.
Wi
/O
¥
A
VAR
AR
LA i
WPG WPZ

CwpP

¥ c)l.o..'f.o N ool ‘Q‘)—.’.‘ ;\5153 S é.vl....o um‘ aolilad

b
b
ab
WPF WPZG WPFG WPFZ  WPZFG
slowd Ly

Gliso (AL dinild (puSleo dung i -Y JSC2

J.O."u.n W 4 ‘) UT la WBJG) WY obu| L}“’“’?”
Ivy] wss o

WS G e SRS ar 2 4 cul S5 G
S e gblad s gials s 4wl ielS
b Slge i bl e Rl 5 Ol Qi S
Sl g (cadgy dlge o W )80 5 2 whaw
gl Sloog,S yoges Jrbie § jpame p odle el
03,5 S5 i SElS Blia 50 4 3Tl LS o
9 Wy ge QL (9,0 y0 Sl (nl Hpax GlEl
iz hals 5 36l g8 5 U pled (ud sgss
D s

L oadools iy sladiges o o iz e
o ol g e sladiged S eST 8155

EE USRI besjlj ol o092 &>95 4 |) Ql Q‘})‘so
s Jo jo goel, ald plols Cand i ofg o
2 bl 0 5 08 oo )18 BL o )0 09250 28
l odr e G2al8 esl @b g Jb Gl 008
2 et Kigd oo ibey (9 bAigel 4 o
5 Sl @ Ol (s Olie (R tdg anld b
2 d9zse ale sloog 5L Sig e Wgm S
aslys Of Gl als cage g b o oS 55 LI

ol Gix

5 Py BB @ by ol Qlx e (S
VIA sy o315 b 5 ot b ot ool Liign 5,56
a3l oF Olie Grid s Sl e S n e S
Y

5 26 gl g 9 B oailiy b oads Y
A5 ol gladsSse 35i5 ez LSy aY Sy obxl
AV ol & caglie @ Glgie 1) gsdse (nl S 0
ST Pl 0,5 o)l das (o cauils o e 81 54l
grewes els o..\.:.:Sas.\J\ A.sy 9 L)“'“‘B’ u,«.:).ll.n )L».’>Lw L
S oo SNk s o> s gn ol sladsSUse s
9o LSl Jds 4 o5 ok a4 GBS SL Joe pailSe
@ oole ol a5 sas o ojll ()] (s 039 v 5 (sow
Jol> @bl anlio S Joo ol 10 65 550 5k
iy Slalllae gl b T & s piydsii 6ol )
Da-vyl o)l callas

ELE L ) esliiul & wlasls plis bl liiss
Ol st pSadizr GhalS com jeddy SlLS 5 0
WS 45t Ky sl b gl opl Ly s e
S (0 dgdene 425 BB ek 4 |y O jpe e
@ oleee ) Sh3gl jeam Jl e Sek rals ()l
l slodsslse j5e peitenné 5 (oiomn b
S5 glalid l3al ;e obal el L e



5 5 sl (BT b

(&yo s 3 p)5) ol Qi

CwpP

c c b
WPG WPZ WPF

slowd by

A Y4

a
a a

WPZG WPFG WPFZ WPZFG

it GBALE Of Gas (usilue dwlio —F S5

Sl s i Gl ez ge ne b 5 )
A

S35 2 2o > (Vo)) oY el ((pizen
SG‘JL\M CJL.J £y omr:): 9 ) L c..\...uoobwy els
Dol ol e

Olie & by Cwlbrs il L Jxlss
o JEbe waln el cél elS gee LB
OlFse |y (oibs dlge (sol> oadosls il sladsls
s ialil 5 oiigy Slge sl tals wile Lelss 4
Gl S5 @ yomie (RS 5L ohr g (ibg Slge
A5 [LSle jo os S Wsw mhaw ol g 5eST e
o yilgy 0 ol slil 0gd oo dallh diged 4y S
slr lse sl sge a5 aits 6 p &350 sla sl
WS b 1) sz e yee 1l gl Gn 3l 5
Iv#]

o 3 T el g0k izl a5 cul pl p olael
Olpedr Wlgi oo 9 00 Fadlon ols> Sgntr 50 (oot
ooliusl 3,50 LA idss _palS o g ,Kal, S,
Ivvl s,.5 )3

felss

275 9 Pl 8B 4 by R Gl (o eS
A G5 S s sl s boead ool iy
Bgos & laie Q] Ol oy ykiion 9 Cawl adl AF/YY
(F JSs) canl 4l YEYE 5 sals

Cnl 325 o anlis (e 3 (S0 S
Jg—iaz 34l QT CpiS s 0 ol i aS
Jl 2l 5 55 < dl'mj..
o ol g ams e alS ] Iy sla JsSdge
03 55 i L tingiy o 53 ol ul
Lya-ve] el

(P a—ingy Ly aS ols i bd<ls' | ==
Az Lol oo Gl gz g Jol jsban Cnglin
oloyl (idigy Jodome jo (—iudigy olgo ids aSil 4
Sl oyl Jlate iolidlicrl josleSs obd S
5 C>leSy wohd SO sloul e (i Jode jo
Ivol ooss oo Sas Joslss palS a (i Collaal

Q ‘L)T )t&;w CH

(PS8l S 5 L sadools jidigy A£lS s o



AN

LI —

Yo

(aill) Jolss

CwP WPG

. St d
Yoo
Do Hi b I
WPZ WPF

¥ o)Lo..'f.o N ool ‘Q‘)—.’.‘ ;xélSj S é.vl....o u.o:u‘ aolilad

f
e
c
I .
[

WPZG WPFG WPFZ WPZFG

Slowd ol o

Glizeo ALl Joko Sl duglin —F Ko

sl maw  Blo o xS o

6ol coaS Lo & WllS 5 ol bosadesls g

2 e Ol Wiy e aSh was o il 1, 2l
sl axsly 55 byl g0 Slee 5 SWlKe sla Sig

oS il g 50 Coglin Ll

GRS pln g Cwglie (aFLd Gliee (p i
ool s ol ool iy 5 5 ol WS & b ye
g Sl ey FadshS (e FYIY ol 1S
275 g Pl 1 ladiged 4 Glate ()] Gl (2 %8
‘;.yn AR7ARE ).»‘).' uiﬁls ‘U"j) L: ool oals U""‘"’y
S o] o sladign g BLI o Coglie 4y iiS
SLI Ll e 5 55 101 2 Ao Jole n s 210
Ceoglie 0Ss b BLI oYlasl  zals ol [ SKuSs L
S oo oS ) ans

x4 Wlgiee b sidg Olge v 5l e Qi
Cooglile el )0 g ol yoeie A5 jo  Sauss >
gy &Sy ee Ll a4 aes als I, Loas
‘_,.gl)sl ceb sansls g U"‘ 9 o3 Slou !l sasSls
Aol 2l ol Bly 3 25m JoSpe o el
3525 g (g pdyllasil uli8l ( Souss palS Coge
Ival ab e

g Sleo

9 Py B 4 by mhe Slo ol S
2 ke BN plp sl boad ools (b 20
5 olr B & glete ol Gl ayier 5 Cosl b
ke Vo IF pl LS 9 08y Load ool iy 25
5O (b Slge 5l eslaiwl (O &) canl 4l o
wdls olpen 4 ) (Jlo jlogne Gl dajles (25
5 asle LialS g B2 w0 LI Jlas] 3ggs e
2okt Y S oes 4 S v la Slab
byl oy dlo Lialidl crge S 5 GLII g,
D s

Vb ohg gl g g 90 Lo s @ (31,550
S A gl (Blo g ;3 S F%e ek 4 Wl o
gl 0 99290 g 9 B 35 » Lokl S
5 b dlol mals 4 i leSy 4 Sy oyl 5 405
G o) St e B ol SedS e
CewdSy g (S der GRIP @ canb ey SO Glge
@ ongld &S (b s S o0 SIS 3l gl b
2 & maw Wlg oo o sn S0l Cusls Lo
S pslie Caghy il

e
Gl gl iy yo Dldgl 5l eslaiwl 4 aws oo
WS olnl mhe (Slo )3 wxg BB s Wl
Iyl



o 055 3 Ot sl

12

10

(48 50 yid o) o (Lo

Cwp

OOA

0 T I I I | I I I

WPZG WPFG WPFZ WPZFG

)L°-.:-* Loyl

ilizo SALL g (Slo (riSle dumlio -0 JSb

OsYge 2 )0 0S5 eEan 5 Gl ptee e

ol 4 gy olge 358 Gl SRl g (i
©Oebge (IS Caeglie jlicy elS 5 SL e
Sogotr b 2lema (gl 5 ) &5 (el ehsa
oS lacaaglie S0 Sy ailend oslitl oS
W@l 0 Sl byl g Wgn g BLII S Claglie
Cely B Jisle S5l & by, Jslone ity S5
la T wlgce anTB ol 3gd 0 Cunglia rals
ol o 8les o Olyoss 4y g o)A L5305 Sl

Il Sgu s

(0 3 sk o) i (25

Ccwp

bl (g pdllasil o p 05)‘15 gy Slge

Sodb s o s oe Rl 5 1) (oidy Slge Sgis
Pgboe Cwglie palS el (oidg Jslme i
Ceoglin cuwl oals ools ylid Jloged o 4 jebjlen
bl (52 )3 by g 78 5 Sla AT oS
225y Pl XUl i gy JB o sba
Sl (San (oS Ceoglio Lol .ol oadosls jiig
oS sl AL Al jo b Jelowe Sga8 o w
LI e Sl 55 e 5 gl S o5 4 2220

cd

: ::::: I I I I | I
Ve

WPZG WPFG WPFZ WPZFG

)L°-.:-' byl

Glieo ALE il wlyp 0 Ceoglio (ool (uSle dwslio —F S



ATAR)

JS8) 9,00 092 bdiges plu o (6)lo s Dglas oS
(Y

Gl b oasS Casls oole G plgie 4 (3159l
B Sl ols s & s epslia 5 pliio
Sals g Aol Ll 4 ssle ol S SeS
2 s> & lss g sl Shy S 4 cwl (See
1 Ceglie s o g S e BLI Ll Cygis
aps alS 1) dels jaus sl

Iy oS o gle S plsie 4 wilgioe (31,5550
@ Wiy e pol (ol & WS @ Sslr Cagh, 5 Sl 358
JL 53 058 e S 5 plp 50 A Cueglie Sgnge
RS 0 W ERCI X VPR
&l LEle cosas o 3,5 6l siles wilg Lol cauils
S o

S8 B ey el 35ue & ilgi o 31,55l
sl ool S cosii 1) BL slasisn o o g oS
S9d OS5 plp )3 Ceeglie (IRl 4 saie Wlg o
Iry]

¥/

¥ c)l.o..'f.o N ool ‘Q‘)—.’.‘ ;\5153 S é.ul....o um‘ aolilad

Sl oo oA gl osle SO lgre 4 81550
5w Glpl |y &5 o pdslasl 5 oiiS Cwglas
S olo> shls B (0 ysld 5 (085 b i
B slo Shy oo @ Wy a5 Cel (laaz
olis Ko ol Saagy slaadh mls 09 i
5 o5y bS5 0 31560 5l eolaiul a5 aws o
S T 83y 32 Gt Suto SSU Wil o 0055l
Ley] sel asls el SolKa

SlS 5 5l eolaiwl a5 by az g b o IS jeb 4
Syrp 4 Wl o o] slacuns (iluaige o ilise
S S8 ] (SouSs pals 5 kel s Sl

OS5 @l 5o Ceoglie oLl
OS5 plp 0 Cwglie el lhe (p S
gl boad ools (2lgy 2w g Ol B 4 gy
Ry g Sl 05 wope e JSwbglS VAA Ly
odls oalo W}J ).»)z: 9 uL‘> Aels 4 él&.uc u] u‘):*"
Sl o5 2 gope yo JSubglS VIOV ol 815 4l L

WPZ WPF WPZG WPFG WPFZ WPZFG
slowd byl

(py5 0 2ayo 3o JBwlyghsS) Gous 5 (sl

\ 721 4?7
V-
o

WPG

Cwp

cilizo GALL (S 5 ply 50 Ceoglio (e Ll (uilee dunn o -V JSCS

ly 5l 0)90 5 Jlade eaiiS ol (SOl aSLs (A
B o Casl S (6550 ol canl B8 diges (S5unS
Jdoas (38l aman i oyl gilulax L SUI 5L
Sbesls Lulul ogs SUI o W (SiwnS

Oyl w50 Cwglin 5Ll
Ob o)l plp 0 Cuwglie a3l e (p e
9 oy boad ools idg pyod g Ol XIS 4 by e
IS8 cwl 0,5 @ e Gigs e YA plp (815



e 53 5 Oyl (ISl

S awse L Koo o Raegn e wls
Pl Seuge 4 Wilgs oo slo)39iL sla jidgy 3l oolanu!
oot WS SeS (SHb 4 Coglie Bl (Sl
Syl olal h3gl G yan polie Y] w85 13
on Sy akol sbwl s gl clll g e
4 Caaglie palS 5 Wl e LI sla s yadg S
S92 Obe @Y Sy B85 15 sl 8,80 S
a0 g gl cebs il el wlg o S
gh )losd i )3 (SOl 4 Saaglie (Al
2 F5e e Jelse 51 SU G Sign gl 5 Jsbo
sobas b 4 cuglie [¥P] aiis L 4 caslis
bl Glbl gleass 5 Jlasl b 5l et

Dy o0

70

60

(P55 3 & 50 yoo (5 308 (o) 3o o)y il )0 Cangliio 5L

Ccwp WPG WPZ

WPF

e -

S)ls 18 SL Jsb 8b cov i a5 ol Steglie
Ologi aels (s (rod o] ey (9,00 Wigey
sdalive a5 jsbolen (ol Jlake p it 5 (%S O
ol SWI s 004 0

03 ok slr pY B BB sba aSls G
S5l Sk gord 5l am Sl alols Sy s 225
Ol Eels SUI (g9, p AY o 85 )15 S e
4 Ceoglie ioli8l s o g BLI ST4SE Cwlbes
OBl g (b Slge 05 Lol agh e A5 (S
s 4, (S pasls el g gl i
s go ol gl p Slge canSh ol JuSas
a5l i 3585 g 0 (V0 ¢ ) o, Ken gKassam
O 0dSl g e Aol o g BU gy lge
Wlos,S lexe A5 T Lasls gals s |, GUI
LYVE] o s cillas 35 imgh cnl sloassl b as

d d
I cd
be
b |
0 ab
ab I
B8
40
30
20
10
0

WPZG WPFG WPFZ WPZFG

Slo Ly

lizo gBALl a0yl pl 9y Cawglin (Ll (Sl s lio —A S

iz Gl el G859l 5 o5 b ety
Pls> P HE jsba 5 ead L5 YRl g O
o cm O g ‘) U] G».’.}LM
oig LA 4 bgpe culd g 059 n YL
4 polie oy eS a5 b jo ccl )sl8 b ool ools
Syl Blas 155 9 81,59l b ool ools il (sladiged
OVl 31Tl Looads eols ibg sladéls
ond ol 5 o055 plp po Sueglie (a3l polie

ASPL slagiby b cwn @ iR ol
oles 5 (S (plo> o) eBan 9 ook
a5 a2 oo lid @l cwl aSle i g ol A28
SS 85 oo Sgupy a4 Wilgh oo olae ol 5l oolanl
5 Sk & Coglie 5 O L slaaiie) ;0 ohigd S
oS P



OF

protein maize and common maize (Zea may
L). African Journal of Food Science and
Technology, 5(3), pp.81-89.
Corradini, E., Curti, P.S., Meniqueti, A.B., Martins,
A.F., Rubira, A.F. and Muniz, E.C., 2014. Recent
advances in food-packing, pharmaceutical and
biomedical applications of zein and zein-based
materials. International ~ journal of  molecular
sciences, 15(12), pp.22438-22470.
[10] Lavoine, N., Desloges, 1., Khelifi, B. and Bras, J.,
2014. Impact of different coating processes of
microfibrillated cellulose on the mechanical and

[9

—

barrier properties of paper. Journal of Materials
Science, 49(7), pp.2879-2893.

[11] Holik, H. ed., 2006. Handbook of paper and board.
John Wiley & Sons.

[12] Fukuda, S., Chaussy, D., Belgacem, M.N., Reverdy-
Bruas, N. and Thielemans, W.,  2013.
Characterization of oil-proof papers containing new-
type of fluorochemicals Part 1: Surface properties
and printability. Applied surface science, 277, pp.57-
66.

[13] Tressaud, A., Durand, E., Labrugere, C.,
Kharitonov, A.P. and Kharitonova, L.N., 2007.
Modification of surface properties of carbon-based
and polymeric materials through fluorination routes:
From  fundamental research to  industrial
applications. Journal of Fluorine Chemistry, 128(4),
pp-378-391.

[14] Parris, N., Sykes, M., Dickey, L.C., Wiles, J.L.,
Urbanik, T.J. and Cooke, P.H., 2002. Recyclable
zein-coated kraft paper and linerboard. Progress in
paper recycling. Vol. 11, no. 3 (May 2002): Pages
24-29.

[15] Tihminlioglu, F., Atik, 1.D. and Ozen, B., 2010.
Water vapor and oxygen-barrier performance of
corn—zein coated polypropylene films. Journal of
Food Engineering, 96(3), pp.342-347.

[16] Nazarnezhad, N., Orand, M., Resalati, H. and
Rezanezhad, S., 2022. The effect of corn zein coating
on the strength and barrier properties of liner
paper. Iranian  Journal of Wood and Paper
Industries, 13(2), pp.213-223.

[17] Ashfaq, J., Channa, 1.A., Memon, A.G., Chandio,
L.A., Chandio, A.D., Shar, M.A., Alsalhi, M.S. and
Devanesan, S., 2023. Enhancement of thermal and
gas  barrier  properties of  graphene-based
nanocomposite films. ACS omega, 8(44), pp.41054-
41063.

[18] Chen, G., Xie, P., Li, Z., Qiao, Y., Yang, C., Zhou,
Z. and Fei, G., 2025. Development of Fluorinated
Acrylic  Resin-Based  Paper  Additives  for
Simultaneous Strength Improvement and Water
Resistance. Journal of Applied Polymer Science,
p.e57734.

[19] Li, X.H., Xing, Y.G., Li, W.L., Jiang, Y.H. and
Ding, Y.L., 2010. Antibacterial and physical
properties of poly (vinyl chloride)-based film coated

¥ c)Lo.ic N7 .\l;?‘Q‘).ll J.C'Sju? &vL..o u.o.‘?u‘ aolilad

Lol ools jidigy sladéls a5 Jb> jo caims oo ol

ALl 1y polie o ieS oy yel8
bl el g daomecuw; bl 4 axg L
olr wllg e Slge cnl (GESSL gl eten
D g0 Dgume pdyddod osle S lgisdy 481,540
i g ce odaliast mls & axg b
Sloitg, Olyiess TS 5 oy it o o5
5 milon sla S b ladels adg a4 Wiy o Fse
Ty oasmoylis lazdly (plauS S i Sl

el g o0 Gl o Sl dgupa 0 dlae ol (YL

andllas a5 0gd oo slpiiy wan] Glidss gl
S5 5 JaSe xS oy & liie,
P R CE S I FORCH O | O (NP SC PR R FRN.
oGon olaBl (g uizen 09d pald A
Ble g bave 5l oig8s Jlos Jold Wiy
%] FRRVRESRY PO P F W LR VR Y

&l

[1] Adibi, A., Trinh, B. M., and Mekonnen, T. H. 2023.
Recent progress in sustainable barrier paper coating
for food packaging applications. Progress in Organic
Coatings, 181, 107566.

[2] Sharif, N.U., Habibu, S., Wang, H., Veera Singham,
G., Huang, H.K., Hu, C., Zeng, G.S. and Tay, G.S.,
2025. Advancing renewable functional coatings:
sustainable  solutions for modern  material
challenges. Journal of Coatings Technology and
Research, pp.1-27.

[3] Rastogi, V.K. and Samyn, P., 2015. Bio-based
coatings for paper applications. Coatings, 5(4),
pp.887-930.

[4] Fauzi, N.B.M., 2016. Characterisation of different
brands of white a4 papers using microscopic and
spectroscopic techniques.

[5] Bae, J. H., Hong, K. H., & Lamar, T. M. 2015. Effect
of texture on color variation in inkjet-printed woven
textiles. Color Research & Application, 40(3), 297-
303.

[6] Liu, J., Bao, S. and Wang, X., 2022. Applications of
graphene-based  materials in  sensors: A
review. Micromachines, 13(2), p.184.

[7] Gadakh, D., Dashora, P. and Wadhankar, G., 2020. A
review paper on graphene coated
fibres. Graphene, 8(4), pp.53-74.

[8] Abiose Sumbo, H. and Victor, LA., 2014.
Comparison of chemical composition, functional
properties and amino acids composition of quality



055 3 sl 8T S T

properties of composites of HDPE and purified
cellulose fibers. Cellulose, 14(5):427-438.

[28] Ngo, Y.H., Li, D., Simon, G.P. and Garnier, G.,
2011.  Paper  surfaces  functionalized by
nanoparticles. Advances in colloid and interface
science, 163(1), pp.23-38.

[29] Morsy, F.A. and El-Sherbiny, S., 2004. Mechanical
properties of coated paper: Influence of coating
properties and pigment Blends. Journal of materials
science, 39(24), pp.7327-7332.

[30] Han, J.H. and Krochta, J.M., 2001. Physical
properties and oil absorption of whey-protein-coated
paper. Journal of food science, 66(2), pp.294-299.

[31] Hagen, R. and Salmén, L., 1995. Influence of the
interaction zone between coating and paper on the
dynamic mechanical properties of a coated
paper. Journal of materials science, 30(11), pp.2821-
2828.

[32] Rouf, T.B., Schmidt, G., Cakmak, M. and Kokini,
J.L., 2019. Design and mechanistic understanding of
graphene oxide reinforced zein nanocomposites with
improved mechanical, barrier and thermal
properties. Journal of Materials Science, 54(19),
pp-12533-12552.

[33] Liu, Y., Xie, B., Zhang, Z., Zheng, Q. and Xu, Z.,
2012.  Mechanical  properties of  graphene
papers. Journal of the Mechanics and Physics of
Solids, 60(4), pp.591-605.

[34] Kassem, N. and Nada, A.A.M., 2009. Mechanical
properties of paper sheets treated with different
polymers. Pigment & Resin Technology, 38(2),
pp.91-95.

[35] Hassan, E.A., Hassan, M.L., Abou-Zeid, R.E. and
El-Wakil, N.A., 2016. Novel nanofibrillated
cellulose/chitosan  nanoparticles nanocomposites
films and their use for paper coating. Industrial Crops
and Products, 93, pp.219-226.

[36] Afra, E., 2006. Properties of paper: An introduction,
Aiij Publications, 392 p. (Translated In Persian).

OFY

with  ZnO nanoparticles. Food Science and
Technology International, 16(3), pp.225-232.

[20] Penney, D. J., Sullivan, J. H., & Worsley, D. A.
(2007). Investigation into the effects of metallic
coating thickness on the corrosion properties of Zn—
Al alloy galvanising coatings. Corrosion
science, 49(3), 1321-1339.

[21] Ebrahimpour Kasmani, J., & Samariha, A. (2025).
Evaluation of the effect of coating with graphene,
Zein-Fluorine on the physical properties and
printability of white liner paper from Mazandaran
Wood and Paper Factory. Iranian Journal of Wood
and Paper Science Research, 40(3), 280-296.

[22] Zeppa, C., Gouanvé, F. and Espuche, E., 2009.
Effect of a plasticizer on the structure of
biodegradable starch/clay nanocomposites: Thermal,
water-sorption, and oxygen-barrier
properties. Journal of Applied Polymer
Science, 112(4), pp.2044-2056.

[23] Voon, H.C., Bhat, R., Easa, A.M., Liong, M.T. and
Karim, A.A., 2012. Effect of addition of halloysite
nanoclay and SiO2 nanoparticles on barrier and
mechanical properties of bovine gelatin films. Food
and Bioprocess Technology, 5(5), pp.1766-1774.

[24] Mohammadi, E., Rezanezhad, S. and Asadpour, G.,
2021. Evaluation of Strength, Optical and
Antibacterial Properties of Treated Papers by
Chitosan and Nano Zinc Oxide. Iranian Journal of
Wood and Paper Industries, 12(1), pp.145-162.

[25] McHUGH, T.H., Aujard, J.F. and Krochta, J.M.,
1994. Plasticized whey protein edible films: water
vapor permeability properties. Journal of food
science, 59(2), pp.416-419.

[26] Hadilam, M.M., Afra, E., Ghasemian, A. and
Yousefi, H., 2014. Preparation and properties of
ground cellulose nanofibers. Journal of wood and
forest science and technology, 20(2):139-149. (In
Persian).

[27] Fendler, A., Villanueva, M.P., Gimenez, E. and
Lagaron, J.M., 2007. Characterization of the barrier



